A straight longitudinal body axis supports efficient directed locomotion of fish and other vertebrates. New research demonstrates that Reissner's fiber, an enigmatic structure within the spinal central canal, is essential for development of an extended trunk to tail axis.
During embryonic development of many vertebrate species, the body axis is initially curved. For example, zebrafish embryos during the first day develop with a ventrally curved axis wrapped around the yolk sphere [1] . Mice embryos also have a ventral curvature at embryonic day 11.5 [2] . In both cases, the longitudinal axis straightens as development proceeds, and the embryo accomplishes the astounding feat of further extending the trunk and tail along a straight line from proliferative tissues. One would hypothesize that the developing embryo would need mechanisms to measure straightness of the axis, and to communicate such information between rostral and caudal parts, but no such mechanisms have been identified thus far. A new study by Cantaut-Belarif et al. [3] reported in this issue of Current Biology demonstrates that Reissner's fiber, a previously enigmatic structure extending along the inside of the spinal cord central canal, is required for the formation of a straight body axis.
Reissner's fiber was first described in lamprey in 1860 [4] , and has since been shown to be conserved in all chordates studied, except humans and anthropoid apes [5] . For more than 150 years, however, its function has remained unresolved. Reissner's fiber is formed from SCO-spondin, a very large multidomain protein that is highly conserved in vertebrates [6, 7] . In the early embryo, SCO-spondin is secreted into the spinal cord central canal, initially both by floor plate cells and the subcommissural organ -an ependymal structure located in the diencephalon in the ventricular wall under the posterior commissure -and later only by the subcommissural organ ( Figure 1 ). SCOspondin aggregates in the cerebrospinal fluid to form a single fiber extending from the diencephalon to the tail tip of the spinal cord [8, 9] .
For postembryonic stages of the lamprey, data are consistent with a model in which Reissner's fiber grows from the forebrain subcommissural organ and moves continuously through the spinal central canal until it reaches the caudal end of the canal, the ampulla terminalis. Ultrastructural data of the ampulla terminalis have been interpreted as indicating that Reissner's fiber material becomes gel-like, exits the spinal canal through intercellular spaces, and reaches blood capillaries [10] . Such movement has not, however, been demonstrated thus far. The initial formation of Reissner's fiber is thus based on synthesis along the whole floorplate of the embryo, while later, as the long axis of the embryo grows, Reissner's fiber appears to be maintained at proper length by a source (subcommissural organ) and sink (ampulla terminalis) system.
In the new study, Cantaut-Belarif et al. [3] used CRISPR/Cas9 tools to generate specific mutations in the zebrafish scospondin gene, eliminating Reissner's fiber. These scospondin mutant embryos develop largely normally during the first day, and begin to straighten their axis, but from 30 hours of development onwards they show progressive ventral curvature of trunk and tail. This finding demonstrates that SCO-spondin and Reissner's fiber are central components of the mechanism that establishes a straight longitudinal axis in zebrafish.
Despite its curvature, the spinal cord of scospondin mutant embryos develops largely normally, at least by morphological criteria and the level of cell proliferation. The phenotype reminded the authors of a class of mutants frequently observed in large-scale zebrafish mutagenesis screens that display similar ventral curvature of the axis, linked to defects in biogenesis of cilia [11] . Cantaut-Belarif et al. [3] found that ciliogenesis in scospondin mutants was normal, as was flow of cerebrospinal fluid in the central canal. But when they examined embryos with mutations in genes required for ciliogenesis or proper ciliary motility, they found that Reissner's fiber did not form, and that only small aggregates of SCO-spondin were present in the spinal canal. Thus, ciliary motility or cerebrospinal fluid flow appear to be required for proper formation of Reissner's fiber.
Together, these experiments have established a first framework for understanding the formation of a straight longitudinal axis in the embryo. These exciting new findings also raise further questions on the mechanisms of Reissner's fiber formation and function.
Why are the Reissner's fiber-based mechanisms not needed earlier, prior to 30 hours of development, in the zebrafish embryo? Early lengthening of the anterioposterior axis is based on convergent extension cell movements during gastrulation [12] , and on the notochord as the main structural element driving axial extension [13] . Their main elongation activity is completed after the first day of development, suggesting that the Reissner's fiber-based mechanism controls further straightening of the axis during the second day of development and through the early larval growth phase.
How is the Reissner's fiber assembled from SCO-spondin monomers? CantautBelarif et al. [3] show that, in the absence of ciliary beating or fluid flow, SCO-spondin forms random aggregates rather than an orderly fiber. Fluid mechanical forces are also used in other contexts to shape fibers -a classical example is the formation of spider silk strands, where shear forces in the duct of the spinning gland lead to the formation of beta-sheet protein crystals, and initiate fiber formation (reviewed in [14] ). The study of Cantaut-Belarif et al. [3] suggests that Reissner's fiber formation is a novel example of biomechanically controlled fiber assembly in the extracellular space.
What are the mechanisms that transduce Reissner's fiber-based information on axial curvature into morphogenetic responses? As CantautBelarif et al. [3] point out, the small diameter of the Reissner's fiber makes it unlikely that it establishes a mechanical constraint keeping the axis straight by direct force. One can only speculate how such a string spun along the axis would signal to tissue to keep the axis straight. An attractive idea is that it could provide mechanical cues to mechanosensory cilia in the spinal canal. When the axis is straight, the Reissner's fiber may float somewhere in the middle of the canal. But when the axis is curved, the elastic Reissner's fiber would span along the ventral wall of the central canal, and there would come into contact with mechanosensory cells. Indeed, cells with mechanosensory cilia are differentially distributed along the dorsal ventral axis of the spinal canal, and have been shown to relay information on lateral bending of the axis to motor circuits [15] .
Alternative mechanisms may also be envisioned: the large SCO-spondin protein is rich in protein interaction motifs [6] , and may assemble around its fiber core other protein or small molecule signals that may relay information to cells of the wall of the spinal canal when Reissner's fiber comes in contact with the wall. Such mechano-or chemosensory information may then initiate changes in biophysical properties or even growth rate, which together are required for a straight axis. It will be exciting to see how future experiments will resolve such mechanisms.
What is the evolutionary origin of Reissner's fiber and its function? Helm et al. [16] point out that SCO-spondin is secreted from radial glia type cells of the subcommissural organ, and that both the protein and the secretory nature of glia cells are evolutionarily ancient, potentially already existing in ancestors to both protostomia and deuterostomia. Arendt et al. [17] in fact hypothesize that Reissner's fiber may be an evolutionary remnant of the mucoid thread secreted by the mucociliary sole, a concave structure which enabled extracellular digestion and set the stage for nervous system evolution. The invention of the mucociliary sole is hypothesized to have enabled mucociliary creeping along a mucoid thread [17] as a novel form of directed locomotion -a distant link to the potential function of Reissner's fiber into ensuring a straight axis and efficient swim locomotion in zebrafish and other extant vertebrates. Schematic drawing of a 30-hour old zebrafish larva illustrating how Reissner's fiber extends from the subcommissural organ close to the posterior commissure in the diencephalic third ventricle through the fourth ventricle into the spinal canal. A distinct ampulla terminalis has not been described at this stage; therefore, the area of the prospective ampulla terminalis is indicated. Lateral view of a larva, anterior at left, dorsal up. Length of larva at this stage is 2.5 mm. The right inset shows a schematic transverse section of spinal cord and notochord, dorsal at top.
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Dispatches
When herbivores avoid areas with high predation risk, the intensity of plant consumption and nutrient deposition is distributed unevenly across landscapes. Experimental work in African savanna ecosystems shows that the biggest herbivores, virtually immune to predators, smooth out these imbalances.
In 1960, Hairston, Smith, and Slobodkin [1] sketched an idea that would exert a defining influence on ecology. Contending that ''cases of obvious depletion of green plants by herbivores are exceptions to the general picture, in which the plants are abundant and largely intact,'' they reasoned that herbivore populations are limited by predation and therefore do not compete for (or deplete) their food supply. This scenario, wherein predators indirectly benefit plants by keeping herbivore numbers in check, was later dubbed a 'trophic cascade' [2] ; the label refers to the trickle-down effects of predators onto successively lower levels of the food chain. The Hairston et al. [1] paper seems almost designed to spark controversy: its tone was provocative, its scope sweeping, its implications profound, its premises debatable. The logic was appealing, but the authors did not present any hard data, nor did they acknowledge much in the way of nuance. Decades of debate, refinement, and elaboration ensued.
Fast-forward to 2018: evidence of trophic cascades has accumulated from a variety of ecological systems [3] [4] [5] . Studies have shown not only that predators frequently affect plant communities, but also that they can influence nutrient cycling and other ecosystem functions [6] . Among the refinements to the original concept, one has been particularly influentialpredators need not consume prey to create trophic cascade [7, 8] . Fear itself is often sufficient. For example, anxious grazers may avoid low-visibility habitats where predation risk is high, thereby converting dangerous places for herbivores into safe spaces for plants. Still, a fundamental question remains unanswered: how far can we generalize from the most conclusive analyses of trophic cascades (which derive from experiments on relatively small organisms in tractable model systems) and scale them up to the largest organisms in the largest landscapes (which have the greatest bearing on environmental policy)? The difficulty of manipulating big animals and the ubiquity of confounding variables have precluded the kind of mechanistic precision attained in smaller-scale systems, leaving uncertainty about how trophic cascades might operate in largemammal assemblages [9] . A new study by Elizabeth Le Roux, Graham Kerley and Joris Cromsigt [10] , published in this issue of Current Biology, sheds fresh light on this challenging problem.
African savannas, with their diversity of mammalian herbivores and carnivores spanning multiple orders-of-magnitude in body size, are a pivotal testing ground for trophic-cascade theory. Such diversity might dampen or conceal trophic cascades if different herbivore species respond to predation risk in contrasting ways. In these ecosystems, susceptibility to predation is a function of body size [11] . Smaller herbivores, such as antelopes, are eaten by a range of carnivores, and their populations tend to be limited by predation -just as postulated by Hairston et al. [1] . Larger species, however, are harder to bring down, and fewer carnivores are up to the task. The largest megaherbivores (R1000 kg), including rhinoceroses, hippopotamus, and elephant, are essentially invulnerable to predation as adults [12] .
